The spectroscopic catalogue of white dwarf-main sequence (WDMS) binaries from the Sloan Digital Sky Survey (SDSS) is the largest and most homogeneous sample of compact binary stars currently known. However, because of selection effects, the current sample is strongly biased against systems containing cool white dwarfs and/or early type companions, which are predicted to dominate the intrinsic population. In this study we present colour selection criteria that combines optical (ugriz DR 8 SDSS) plus infrared (yjhk DR 9 UKIRT Infrared Sky Survey (UKIDSS), JHK Two Micron All Sky Survey (2MASS) and/or w 1 w 2 Wide-Field Infrared Survey Explorer (WISE)) magnitudes to select 3 419 photometric candidates of harboring cool white dwarfs and/or dominant (M dwarf) companions. We demonstrate that 84 per cent of our selected candidates are very likely genuine WDMS binaries, and that the white dwarf effective temperatures and secondary star spectral types of 71 per cent of our selected sources are expected to be below 10 000-15 000 K, and concentrated at ∼M2-3, respectively. We also present an updated version of the spectroscopic SDSS WDMS binary catalogue, which incorporates 47 new systems from SDSS DR 8. The bulk of the DR 8 spectroscopy is made up of main-sequence stars and red giants that were targeted as part of the Sloan Extension for Galactic Understanding and Exploration (SEGUE) Survey, therefore the number of new spectroscopic WDMS binaries in DR 8 is very small compared to previous SDSS data releases. Despite their low number, DR 8 WDMS binaries are found to be dominated by systems containing cool white dwarfs and therefore represent an important addition to the spectroscopic sample. The updated SDSS DR 8 spectroscopic catalogue of WDMS binaries consists of 2316 systems. We compare our updated catalogue with recently published lists of WDMS binaries and conclude that it currently represents the largest, most homogeneous and cleanest sample of spectroscopic WDMS binaries from SDSS.
INTRODUCTION
White dwarf-main sequence binaries (WDMS) are compact binary stars that descend from main sequence binaries, and are among the most common compact binary objects in the Galaxy. The majority (∼75 per cent) of the initial main sequence binaries from which WDMS binaries derive have orbital separations wide enough to avoid mass transfer interactions. Therefore the primary (or more massive) main sequence star evolves as a single star and the orbital separation widens as a result of the primary losing mass at the asymptotic giant branch (Willems & Kolb 2004) . In the remaining (∼25 per cent) of the cases the main sequence stars are close enough for mass transfer to be initiated via Roche-lobe overflow once the primary ascends the red giant branch or the the asymptotic giant branch. Unstable mass transfer to the secondary main sequence companion generally brings the system into a common envelope phase (CE; c 2013 RAS Iben & Livio 1993; Webbink 2008) , in which the orbital separation dramatically decreases due to drag forces of the binary components with the material of the envelope, formed by the outer layers of the giant. The energy released due to the shrinkage of the orbit is used to expel the envelope (Davis et al. 2010; Zorotovic et al. 2010; Ricker & Taam 2012; Passy et al. 2012; Rebassa-Mansergas et al. 2012b) , exposing a post-CE binary (PCEB) composed of the core of the giant, i.e. the future white dwarf, and the secondary main sequence companion. The orbital period distribution of WDMS binaries is therefore bimodal, with the close PCEBs peaking at short orbital periods of ∼ 8 hours (Miszalski et al. 2009; Nebot Gómez-Morán et al. 2011 ) and the systems that did not evolve through a CE phase at much wider orbital separations (orbital periods >100 days, Willems & Kolb 2004; Farihi et al. 2010) .
After the envelope is ejected, PCEBs continue to evolve to even shorter orbital periods through angular momentum loss driven by magnetic braking and/or gravitational wave emission. Therefore PCEBs may either undergo a second phase of CE evolution (leading to double-degenerate white dwarfs), or enter a semi-detached state (and appear as cataclysmic variables or super-soft X-ray sources).
Thanks to the Sloan Digital Sky Survey (SDSS, York et al. 2000; Stoughton et al. 2002 ) the number of WDMS binaries has increased from a few ten (Schreiber & Gänsicke 2003) to over two thousand (Silvestri et al. 2006; Heller et al. 2009; Morgan et al. 2012; Liu et al. 2012; Wei et al. 2013) . The latest version of our WDMS binary catalogue (Rebassa-Mansergas et al. 2012a) , based on SDSS data release (DR) 7, contains 2248 systems, and represents the most complete and homogeneous sample. Follow-up observational studies based on this large sample have led to the identification of a large number of wide binaries and close PCEBs (e.g. Rebassa-Mansergas et al. 2007; Schreiber et al. 2008 Schreiber et al. , 2010 that are being used to study several different and important aspects in modern astrophysics (e.g. providing crucial constraints on current theories of CE evolution (Davis et al. 2010; Zorotovic et al. 2010; Rebassa-Mansergas et al. 2012b ) and on the origin of low-mass white dwarfs ; testing theoretical massradius relations of both white dwarfs and low-mass main sequence stars (Nebot Gómez-Morán et al. 2009; Pyrzas et al. 2009 Pyrzas et al. , 2012 Parsons et al. 2010 Parsons et al. , 2012a ; and constraining the pairing properties of main sequence stars (Ferrario 2012) ).
The currently known population of SDSS WDMS binaries is formed by systems observed as part of the first and second phases of the operation of SDSS: SDSS-I and SDSS-II. Whilst SDSS-I focused on targeting galaxies and quasars (Adelman-McCarthy et al. 2008) , SDSS-II carried out three different surveys (Abazajian et al. 2009 ): the Sloan Legacy Survey that completed the original SDSS-I imaging and spectroscopic goals; the SEGUE survey (the SDSS Extension for Galactic Understanding and Exploration, Yanny et al. 2009 ), that obtained additional imaging over a large range of Galactic latitudes as well as spectroscopy for ∼ 240 000 stars; and the Sloan Supernova Survey that carried out repeat imaging of the 300 square degree southern equatorial stripe to discover and measure supernovae and other variable objects.
Due to the overlap between the colours of WDMS binaries containing hot white dwarfs and/or late-type (M dwarf) companions and those of quasars (Smolčić et al. 2004) , the target selection algorithm of both SDSS-I and the Legacy Survey of SDSS-II resulted in a large number of WDMS binaries with available SDSS spectroscopy. SEGUE additionally performed a dedicated survey for finding WDMS binaries containing cool white dwarfs and/or early-type M dwarfs/late-type K dwarfs based on colour selection criteria developed by our team Rebassa-Mansergas et al. 2012a) . However, despite the success of our SEGUE survey, the 251 systems identified in this way represent only ∼10 per cent of the known population of SDSS WDMS binaries, hence remain still clearly underrepresented. Moreover, it is important to bear in mind that any WDMS binary sample based on optical colours/spectra alone, such as the SDSS sample, is bound to be incomplete as only binaries with both components visible at optical wavelengths can be identified.
The aim of this paper is to build on the spectroscopic SDSS WDMS binary catalogue by identifying WDMS binaries within the photometric footprint of SDSS DR 8 without the need of SDSS spectra, and to extend the parameter range of the known WDMS binary population by extending the wavelength range used for their identification, thus overcoming the selection effects just described. For this purpose, we develop colour selection criteria based on a combination of SDSS optical plus infrared magnitudes for selecting WDMS binaries, specifically focused on detecting systems containing cool white dwarfs and/or companions dominating the system luminosity, which are predicted to represent a large fraction of the intrinsic population (Schreiber & Gänsicke 2003) . In addition, we search for new spectroscopic WDMS binaries observed by DR 8.
THE PHOTOMETRIC SELECTION
We select photometric WDMS binary candidates following a two-step procedure. First, we apply colour selection criteria based on SDSS ugriz magnitudes, which allows us to exclude single main-sequence stars. Second, we search for available infrared excess detections of our selected candidates and apply additional colour cuts based on a combination of optical plus infrared magnitudes. This efficiently excludes quasars from our candidate list and selects WDMS binaries dominated by the flux of the secondary star, i.e. systems that contain cool white dwarfs and/or early-type (M dwarf) main sequence companions.
Photometric selection of WDMS binaries in SDSS
SDSS WDMS binaries form a "bridge" in colour space that connects the white dwarf locus to that of low-mass stars (Smolčić et al. 2004) . Based on this bridge we develop the following colour criteria for selecting WDMS binaries within SDSS: −0.5 < (g − r) < 1.3,
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We use the casjobs interface (Li & Thakar 2008) 1 to select the number of point sources with clean photometry and magnitude errors below 0.1 within the photometric data base of SDSS DR 8, satisfying our colour selection. This search results in 953 835 WDMS binary candidates (see Table 1), illustrated as black solid dots in the u − g vs. g − r plane (top panel of Figure 1 ). For comparison, we show also main sequence stars (gray solid dots) and the 2248 spectroscopically confirmed WDMS binaries from SDSS DR 7 (red solid dots, Rebassa-Mansergas et al. 2012a). In the bottom panel of Figure 1 we represent the g − r cumulative distribution of our 953 835 selected sources. A close inspection of the bottom panel of Figure 1 reveals that g − r > 0.6 for 90 per cent of our WDMS binary candidates. These systems are concentrated near the main sequence star locus (see top panel of Figure 1 ), and overlap only with ∼3 per cent of the spectroscopically confirmed WDMS binaries. Inspection of SDSS spectra of objects falling within this colour space reveals ∼98 per cent of these systems being galaxies 2 . We therefore decide to refine our selection criteria to exclude these objects from our sample and re-write Equation 6 as follows:
Our refined selection criteria are shown on the top panels of Figure 2 (black solid lines) and reduce the number of photometrically selected WDMS binary candidates to 67 378 (see Table 1 ). For comparison, main sequence stars (gray solid dots), quasars (green solid dots) and spectroscopically confirmed SDSS WDMS binaries (red solid dots) are also shown. From Figure 2 (top panels) it is apparent that single main sequence stars are efficiently excluded with our colour selection. However, our sample is expected to be highly contaminated by quasars. Single white dwarfs are also expected to be a large source of contamination, as white dwarf colours are similar to those of WDMS binaries in which the white dwarf flux dominates the spectral energy distribution.
Infrared excess
Here we search for available infrared excess detections of our 67 378 selected candidates (Table 1 ) and develop additional selection criteria based on a combination of optical plus infrared magnitudes that allow us to efficiently exclude quasars. We do this by cross-correlating our list with the yjhk UKIDSS DR 9 (Lawrence et al. 2007; Warren et al. 2007) , JHK 2MASS (Skrutskie et al. 2006 ) and w1w2 WISE Figure 2 . Colour selection of WDMS binaries that combines optical SDSS and infrared UKIDSS, 2MASS and/or WISE magnitudes (black solid lines) and the 3 419 resulting photometric WDMS binary selected candidates (black solid dots). To illustrate how main sequence stars and quasars are efficiently excluded with our selection criteria we represent a sample of quasars from Schneider et al. (2010) as solid green dots and main sequence stars as gray solid dots. Spectroscopically confirmed SDSS WDMS binaries from Rebassa-Mansergas et al. (2012a) are also shown as red solid dots. (Wright et al. 2010) surveys. In all cases we restrict the search to the best quality data, i.e. we use quality flags AAA in 2MASS and AA in WISE. This results in 48 163 objects with available detections in at least one of the three considered infrared surveys (Table 1) . We further consider only objects satisfying the following conditions:
The above colour criteria are illustrated on the bottom panels of Figure 2 (black solid lines) and reduce the list of photometric WDMS binary candidates to 4 237 ( Table 1) . Inspection of Figure 2 (bottom panels) reveals that quasars are indeed efficiently excluded by our selection criteria.
Comparison with white dwarf catalogues
As mentioned above, single white dwarfs are also expected to be an important source of contamination in our sample. Fortunately, comprehensive catalogues of single white dwarfs within the SDSS DR7 footprint are available Debes et al. 2011; Kleinman et al. 2013) . We compare our WDMS binary candidate list with the catalogues of Kleinman et al. (2013) and Girven et al. (2011) and exclude all positive matches. This reduces our number of selected candidates to 3 419 (Table 1) , shown as black solid dots in Figure 2 . Coordinates, optical SDSS and infrared UKIDSS, 2MASS and WISE magnitudes of the 3 419 photometrically selected WDMS binaries can be found in Table 2 3 . It is worth mentioning that the photometric white dwarf catalogue of Girven et al. (2011) includes SDSS white dwarfs for which UKIDSS near-infrared excess is detected, which implies we might be excluding some genuine WDMS binaries in this exercise. However, the overlap between our WDMS binary photometric candidate list and the sample of WDMS binaries that may be included in the catalogue by Girven et al. (2011) is very small, as the colour selection by Girven et al. (2011) removes any white dwarf that has a noticeable excess in the SDSS i magnitude, i.e. the main interest of that study is to detect infrared excess typical of debris discs around or brown dwarf companions to white dwarfs. It is also important to keep in mind that the single white dwarf catalogues are based on SDSS DR 7 and that we are considering DR 8 data here. Therefore, a few per cent of single white dwarfs may still be included in our WDMS binary candidate list.
The success rate of the photometric sample
We have demonstrated that our selection criteria are highly efficient in excluding single main sequence stars and quasars. Single white dwarfs have also been eliminated from our list. However, the remaining WDMS binary candidate sample may contain a small number of other astronomical objects with similar colours such as e.g. cataclysmic variables. It Table 2 . Object names, coordinates (in degrees) and SDSS ugriz , UKIDSS yjhk, 2MASS JHK and WISE w 1 w 2 magnitudes of the 3419 photometrically selected WDMS binaries. For those with available spectroscopy, we include the spectral classification ( is therefore important to evaluate the success rate in identifying WDMS binaries among our photometric candidates (hereafter success rate). We do this as follows. From our list of 3 419 photometrically selected WDMS binary candidates (Table 1) , 567 have SDSS spectroscopy which we visually classify as follows (Table 3) : 468 WDMS binaries, 21 cataclysmic variables, 16 main sequence stars, 2 main sequence-main sequence star superpositions, 46 quasars, 2 main sequence stars heavily affected by extinction and 12 objects of unknown type. The large number of WDMS binaries in the spectroscopic sample indicates a high success rate (∼83 per cent, Table 3 ). Apparently, a small number of quasars that passed our cuts, together with some cataclysmic variables are the main sources of contamination.
It is to be expected that, depending on the colour space, the success rate varies, i.e. that the ∼83 per cent we obtained represents an average success rate over the entire colour space. In order to evaluate this hypothesis we divide the u − g vs. g − r, g − r vs. r − i and r − i vs. i − z planes into cells of 0.15. Within each cell we calculate the local success rate as N wdms /Nspec, where N wdms and Nspec are the number of spectroscopic WDMS binaries and the number of systems with available spectroscopy respectively. The dependence of the success rate on location in colour space is illustrated in Figure 3 . If we take into account only cells with Nspec > 20, the minimum and maximum success rate we obtain are 43 per cent and 100 per cent respectively (Figure 3) . It is also evident that the success rate increases towards redder objects. 
Characterization of the photometric sample
Here we investigate the stellar properties of our photometric WDMS binary candidate sample. The top panel of Figure 4 shows the distribution of the 3 419 selected sources (Table 1) as a function of u − g. We calculate, for the same binning as for the u − g distribution, the average (and standard deviation) white dwarf effective temperatures and secondary star spectral types of the spectroscopically confirmed SDSS WDMS binaries from Rebassa-Mansergas et al. (2012a), (Table 1) as a function of u − g. Middle and bottom panels: average white dwarf effective temperatures and secondary star (M dwarf) spectral sub-types of spectroscopically confirmed SDSS WDMS binaries also as a function of u − g. The majority of our selected photometric candidates are expected to be WDMS binaries with dominant M dwarfs and/or cool white dwarfs.
and represent the obtained values on the middle and bottom panels of Figure 4 respectively.
The white dwarf effective temperatures show a clear decrease with increasing u−g, followed by a flat distribution at ∼10 000-15 000 K for u − g 0.4. For values of u − g >1.3, the spectroscopic fits do not provide reliable values for the white dwarf effective temperatures either because the white dwarfs are extremely cool and/or because the flux of the M dwarf dominates the spectral energy distribution in the SDSS spectra. The spectral types of the secondary stars are of ∼M3-4 for a broad range of u−g and show a trend towards earlier spectral types (∼M2) for u − g > 1.2.
This analysis clearly demonstrates that our colour criteria selects mainly (∼ 70 per cent) WDMS binaries dominated by the flux of the secondary star and/or containing cool white dwarfs (∼M2-3, T eff 10 000-15 000 K), a population that is under-represented in the current spectroscopic sample of SDSS WDMS binaries.
THE SPECTROSCOPIC CATALOGUE
Our analysis of the spectroscopic DR7 resulted in the identification of 2248 WDMS binaries (Rebassa-Mansergas et al. 2012a) . Here, we test both if our photometric selection (Section 2) identifies WDMS binaries that we missed in our spectroscopic classification of DR 7, and if there are any new spectroscopic WDMS binaries in DR 8. We first crosscorrelate the 468 systems in our photometric sample that have available SDSS spectra (Table 3) with the 2248 confirmed WDMS binaries from DR 7, and incorporate all possible missing objects to the list. We then follow the methods outlined by Rebassa-Mansergas et al. (2010) to search for additional spectroscopic WDMS binaries within DR 8.
Comparison with the photometric sample
19 WDMS binaries with available SDSS spectra from our photometric sample (Section 2) are not included in the list by Rebassa-Mansergas et al. (2012a) . Of these, seven are part of DR 8 and are therefore new additions to the catalogue: SDSSJ082845.07+133551.0, SDSSJ093011.64+095319.5, SDSSJ101356.32+272410.6, SDSSJ102122.45+433633.1, SDSSJ102627.48+384502.4, SDSSJ121150.94+110543.2, SDSSJ145722.85-012121.2).
The remaining 12 systems are from DR 7 and are divided into:
SDSSJ212125.32+010541.6, SDSSJ235143.39+362736.6).
• six apparently single M dwarfs with strong Balmer emission lines due to a (likely) close white dwarf that heats the surface of the M dwarf and/or due to magnetic activity (Tappert et al. 2011; Rebassa-Mansergas et al. 2013 ) (SDSSJ054251.34+010206.8, SDSSJ074645.01+425327.4, SDSSJ080239.07+102026.0, SDSSJ090210.97+252913.5, SDSSJ093127.22+151855.0, SDSSJ102804.59+081321.9).
• one G star plus (hot) white dwarf (SDSSJ142838.99+424024.8).
In all 12 cases the SDSS spectra do not reveal strong white dwarf features, which explains why these systems were missed by Rebassa-Mansergas et al. (2012a) . The addition of the 19 systems to the spectroscopic SDSS WDMS binary catalogue raises the number of spectroscopic SDSS WDMS binaries to 2267 (Table 4) .
The template-fitting method
Here we identify new DR 8 SDSS WDMS binaries following the routine developed by Rebassa-Mansergas et al. (2010) . This technique is based on reduced χ 2 template fitting all new DR 8 spectra, as well as on signal-to-noise (S/N) ratio constraints. The template set consists of 163 spectra of previously confirmed SDSS WDMS binaries covering a broad range of white dwarf effective temperatures and spectral subtypes (DA, DB and DC) as well as companion star spectral types (M0-M9). In practice, an equation of the form
is defined for each of the 163 templates, where χ 2 max is the maximum χ 2 allowed between the template and the considered SDSS spectrum, S/Nspec is the signal-to-noise ratio of the SDSS spectrum, and a and b are fixed values that vary from template to template. All objects falling below the curve defined for each template are considered WDMS binary candidates. In the process of WDMS binary search we inspect the available SDSS DR 8 images of the selected candidates in order to detect morphological problems. This can be the case when single white dwarfs or M dwarfs are located close to very bright stars that cause scattered light to enter the spectroscopic fibre and result in an apparent two-component spectrum; other cases can be the superposition along the line of sight between two stars. All these objects are removed from our candidate list. We obtain a list of 2 353 WDMS binary candidates and visual inspection of the spectra of these candidates results in 44 genuine WDMS binaries (Table 4) . Of the 44 identified systems, seven objects are included in the list of DR 7 WDMS binaries by Rebassa-Mansergas et al. (2012a) , therefore only 37 are new additions (these include the seven WDMS binaries identified in Section 3.1). The majority of the rejected candidates are early type main sequence stars plus a noticeable fraction of M dwarfs (456, see Table 4 ). We identify only 18 quasar spectra and no spectra with white dwarf features. The sample of 456 M dwarfs is further investigated in the next section, as a fraction of these might be WDMS binaries containing cool/unseen white dwarfs.
The relatively small number of WDMS binaries with spectroscopy found within DR 8, compared to earlier data releases, is a direct consequence of the spectroscopic DR 8 being dominated by single main sequence stars and giants that were observed as part of SEGUE (Aihara et al. 2011; Eisenstein et al. 2011 ).
Identification of blue excess
Searching for WDMS binaries within the spectroscopic DR 8 we have identified 456 apparently single M dwarfs (Table 4) . These may be genuine M dwarfs or WDMS binaries containing very cool and/or unseen white dwarfs. We here follow two procedures for identifying white dwarf primaries that contribute very little to the optical flux of the binaries.
First, we cross-correlate our list of 456 M dwarf selected spectra with the near-and far-ultraviolet magnitudes provided by the Galaxy Evolution Explorer (GALEX DR 6, Martin et al. 2005; Morrissey et al. 2005; Seibert et al. 2012) . A clear excess in the near or far-ultraviolet GALEX fluxes confirms the presence of a white dwarf primary that contributes too little to be unambiguously detected at optical wavelengths. An example is shown on the bottom panel of Figure 5 .
An additional way of identifying cool and/or unseen white dwarf primaries is by searching for blue excess in the M dwarf dominated spectra. We do this by fitting the spectra with the M0 to M9 templates of Rebassa-Mansergas et al. (2007) . We calculate the reduced χ 2 between the M dwarf spectra and the best-fit template over the 4000-5000Å (χ (2010) , this method is likely to provide false detections in case of low signal-to-noise ratio spectra, and is prone to select active M dwarfs. We therefore visually inspect the spectra of all blue excess candidates. An example of a WDMS binary recovered in this way is shown on the top panel of Figure 5 .
The search for blue excess and positive detections in GALEX DR 6 confirms the presence of white dwarf primaries in eight systems among the 456 single M dwarf candidate spectra, thus increasing the total number of spectroscopic WDMS binaries to 2 305 (Table 4) .
Catalogue completeness
We evaluate here the internal completeness of the new SDSS DR 8 spectroscopic sample of WDMS binaries, i.e. the fraction of all WDMS binaries contained in the DR 8 spectroscopic data base that we have identified. In Rebassa-Mansergas et al. (2010, 2012a) we approached this aim by analysing small areas in colour space that are representative of the SDSS WDMS binary population. Here we base our study on the entire WDMS binary bridge (Smolčić et al. 2004 ). This is motivated by the fact that the bulk of the DR 8 spectroscopy is made up of single main sequence and giant stars obtained as part of SEGUE that can be easily excluded applying the colour selection criteria defined by Equations 1-11.
We use the casjobs interface to detect the number of point sources with clean photometry and available DR 8 SDSS spectra that satisfy Equations 1-11. Note that in this exercise we restrict the search for spectroscopic sources that form part only of the new data released by DR 8. This search results in 2 001 WDMS binary candidates (Table 4) . Visual inspection of the 2 001 candidate spectra reveals 38 WDMS binaries, 942 quasars and 11 M dwarfs that might be genuine M stars or WDMS binaries containing cool and/or unseen white dwarf primaries ( Table 4 , the majority of the remaining spectra are main sequence stars affected by extinction, main sequence-main sequence star superpositions, and some early type main sequence stars). Among the 11 M dwarf spectra, none are confirmed as WDMS binaries due to blue excess detected in the spectrum or as resulting from positive GALEX DR 6 detections.
All WDMS binaries identified in this exercise except one (SDSSJ155847.38+431308.4, an M dwarf dominated WDMS binary) are included in our DR 8 WDMS binary list, thus providing a completeness of ∼98 per cent. We add SDSSJ155847.38+431308.4 to our catalogue and the number of spectroscopically confirmed SDSS WDMS binaries thus raises to 2306.
THE FINAL SPECTROSCOPIC SDSS DR8 WDMS BINARY CATALOGUE
In this work we have raised the number of spectroscopic SDSS WDMS binaries to 2306 (Table 4) . To this list we include the recently discovered WDMS binaries SDSSJ013851.54-001621.6 (Parsons et al. 2012b , which contains an ultra-cool white dwarf), SDSSJ135523.92+085645.4 (Badenes et al. 2013 , which contains a hot white dwarf and a likely brown dwarf companion) and SDSSJ013532.97+144555.9 (Steele et al. 2013 , which contains a brown dwarf companion). In these three cases, the SDSS spectra are totally dominated by one of the stellar components, making it very difficult for our template fitting routine to identify these systems as WDMS binaries. In addition, we include SDSSJ053317.31-004321.9, a resolved K star plus white dwarf binary that we previously missed. Finally, we exclude from our catalogue SDSSJ014349.22+002130.0, for which the blue excess detected by Rebassa-Mansergas et al. (2010) is likely to come from a nearby quasar rather than a white dwarf, and SDSSJ144335.19+004005.9, which is an eclipsing binary containing two M dwarfs with an orbital period of ∼1 day (S.G. Parsons, private communication) . This brings the total number of spectroscopic SDSS WDMS binaries to 2308 (Table 4) .
In the course of writing this paper three sets of SDSS WDMS binaries have been published by three different groups (Liu et al. 2012; Morgan et al. 2012; Wei et al. 2013 ), and we compare our set of 2308 systems with these three samples in what follows.
Comparison with Liu et al. (2012)
We detect all 523 WDMS binaries from Liu et al. (2012) except for 28 systems that we do not consider WDMS binaries after a visual inspection of the SDSS spectra. An updated classification for these systems is given in Table A1 .
Comparison with Morgan et al. (2012)
A comparison with the 1756 systems of Morgan et al. (2012) reveals that we are missing 85 objects. Inspecting the SDSS spectra and images of these 85 systems we classify 80 as non-WDMS binaries (Table A2 ). The remaining five systems are:
• SDSSJ000421.61+004341.5, a DR 7 noisy spectrum of a M star plus some blue excess.
• SDSSJ083833.17+140332.1, an M dwarf dominated WDMS binary from DR 8.
• SDSSJ100413.18+342950.8, a white dwarf plus (likely) late K star companion from DR 7.
• SDSSJ153648.31+010249.1, a white dwarf dominated WDMS binary from DR 7.
• SDSSJ220436.50-002313.7, a noisy spectrum of a WDMS binary from DR 7.
We add these five systems to our catalogue list. The total number of spectroscopic SDSS WDMS binaries thus raises to 2313 and the number of new DR 8 WDMS binaries increases to 47 (Table 4) .
Comparison with Wei et al. (2013)
Wei et al. (2013) claim ∼500 WDMS binaries in their list are not included in the catalogue by Rebassa-Mansergas et al. (2012a) , suggesting that our algorithm has failed in identifying a large fraction of SDSS WDMS binaries. Here we investigate this issue in detail.
The first point to note is that out of the ∼500 additional WDMS binaries identified by Wei et al. (2013) , only 292 spectra of 281 individual objects have been made publicly available following the publication of their paper. The remaining ∼200 systems are not longer considered WDMS binaries by the authors and have not been made available by them (Peng Wei & Ali Luo, private communication). We visually inspect the SDSS spectra and SDSS images of these 281 systems and find that only 85 of them are genuine WDMS binaries (see Table A3 for an updated classification of the remaining 196 objects), of which 40 are new identifications from spectroscopic plates observed as part of SDSS DR 8 (and therefore were of course not included in Rebassa-Mansergas et al. 2012a). The 45 remaining WDMS binaries were obtained on spectroscopic Table 5 . SDSS plate, modified Julian date (MJD) and fibre identifiers of 45 DR 7 WDMS binary spectra that are not included in the DR 7 WDMS binary catalogue by Rebassa-Mansergas et al. (2012a) . These spectra were taken during observations performed for DR 7, however, made only publicly available within DR 8. Comparing the details of the 45 DR 7 WDMS binaries with our DR 7 WDMS binary catalogue, we find only three systems that were not included in our list: SDSSJ083056.71+122546.6 (noisy spectrum of a WDMS binary), SDSSJ170014.24+242127.3 (a WDMS binary containing a hot white dwarf and an early-type M dwarf), and SDSSJ140127.24+484841.8 (noisy spectrum of a WDMS binary). The remaining 42 WDMS binaries that Wei et al. (2013) claim to be new identifications are in fact contained in our catalogue. However, Wei et al. (2013) analysed additional SDSS spectra (45, as two of the 42 objects have multiple SDSS spectroscopy) that were not part of the original DR 7 release, and hence were not available to us at the time of our analysis (Rebassa-Mansergas et al. 2012a). Those 45 spectra are not accessible via DR 7 web tools and the DR 7 casjobs data base, and appear only within DR 8. The modified Julian date, plate and fibre identifiers of these 45 WDMS binary spectra are provided in Table 5 . The missed three objects and 45 WDMS binary spectra are added to our catalogue. The total number of spectroscopic SDSS WDMS binaries therefore increases to 2316 (Table 4) We then compare the list of 40 DR 8 WDMS binaries from Wei et al. (2013) with the list of new DR 8 WDMS binaries presented in this work and find that all their listed objects (and spectra) are included in our catalogue.
CHARACTERIZATION OF THE SDSS DR 8 WDMS BINARY SAMPLE
As mentioned above, the spectroscopy within DR8 focused on observing main sequence and red giant stars, following a different target selection compared to the earlier data releases. It is therefore expected that SDSS DR 8 WDMS bina- Figure 6 . Distributions of white dwarf effective temperature, surface gravity and mass, and secondary star spectral type.
ries are drawn from a different parent population than those in our DR 7 catalogue (Rebassa-Mansergas et al. 2012a ). To investigate this we obtained the stellar parameters of the new 47 DR 8 systems (Table 4) 4 . We obtain the stellar parameters following the decomposition/fitting routine described by Rebassa-Mansergas et al. (2007) . First, a given SDSS 4 For completeness, we also provide GALEX ultraviolet and UKIDSS infrared magnitudes, and measure the secondary star radial velocities for the new systems following the method described in Rebassa-Mansergas et al. (2008) . This information has been added to our on-line data base of spectroscopic SDSS WDMS binaries, publicly available at http://www.sdss-wdms.org WDMS binary spectrum is fitted with a two-component model using a set of observed M dwarf and white dwarf templates. From the converged fit to each WDMS binary spectrum we record the spectral type of the secondary star. The best-fit M dwarf template, scaled by the appropriate flux scaling factor, is then subtracted and we fit the residual white dwarf spectrum with a model grid of DA white dwarfs (Koester 2010 ) to obtain the effective temperature and surface gravity. From a mass-radius relation for white dwarfs (Bergeron et al. 1995; Fontaine et al. 2001) we finally calculate the mass of the white dwarf.
For the following discussion we only consider white dwarf masses and gravities if the white dwarf temperature exceeds 12 000 K. This is due to a systematic increase in the surface gravity that has been observed in recent white dwarf spectroscopic studies below this value (Koester et al. 2009; Tremblay et al. 2011) . In order to avoid contamination from unreliable stellar parameters, we additionally only consider objects with a relative error in the white dwarf parameters of less than 15 per cent. This results in 28, 19 and 10 WDMS binaries in the distributions of white dwarf effective temperatures, surface gravities and masses respectively, shown on the top panels of Figure 6 . The spectral types of the secondary stars of 45 of our new systems are directly determined from the spectral template fitting and the corresponding distribution is provided on the bottom panel of Figure 6 .
We compare the stellar parameter distribution of the new DR 8 WDMS binary sample with that of the DR 7 sample using Kolmogorov-Smirnov (KS) tests to the cumulative distributions in white dwarf effective temperature, surface gravity and mass, and we compare the spectral type distributions using a χ 2 test. In this exercise we separate the DR 7 catalogue into systems identified as part of our SEGUE survey for identifying systems containing cool white dwarfs (henceforth SEGUE WDMS binaries, Schreiber et al. 2007 ; Rebassa-Mansergas et al. 2012a), and stars observed as part of the main SDSS program (henceforth Legacy WDMS binaries).
The comparison between the DR 8 and the Legacy WDMS binaries results in white dwarf parameter KS probabilities of 1 per cent, and a secondary star spectral type χ 2 probability of 99 per cent. The low KS probabilities found from the comparison of the cumulative distributions of the white dwarf parameters are not surprising and confirm that DR 8 WDMS binaries are drawn from a different parent population: whilst the distribution of secondary star spectral types is broadly similar between the DR8 and Legacy WDMS binary samples, systematically cooler and more massive white dwarfs are found in the DR 8 sample (see Figure 7) . By definition, our SEGUE survey targeted also WDMS binaries containing cool white dwarfs (and/or early-type secondaries, Section 1). It is therefore expected the SEGUE and DR 8 samples to be formed by similar white dwarf primary populations. This hypothesis is in agreement with the KS probabilities of white dwarf effective temperature, mass and surface gravity of 5, 76 and 96 per cent respectively (the secondary star spectral type χ 2 probability is of 1 per cent). Note that the relatively low KS probability found from the comparison of the cumulative distributions of white dwarf effective temperatures is due to the white dwarf components of DR 8 WDMS binaries being systematically cooler than those in the SEGUE sample (top left panel of Figure 7 ). Given that WDMS binaries containing cool white dwarfs are under-represented in the current version of the SDSS WDMS binary catalogue, the 47 new discoveries within DR 8 represent an important addition to the spectroscopic sample.
SUMMARY
The current spectroscopic sample of SDSS WDMS binaries is strongly biased against systems containing cool white dwarfs and/or early type M dwarf companions. In this work we have provided a photometric sample of 3 419 SDSS WDMS binary candidates that has the potential of filling in this missing and important population. The success rate of detecting genuine WDMS binaries within our photometric candidates depends on the location in colour space and varies from 43 to 100 per cent, with an overall average of 84 per cent. The main contaminants are cataclysmic variables and quasars. We estimate that the majority (∼70 per cent) of the selected WDMS binaries to contain white dwarfs with effective temperatures 10 000-15 000 K and secondary stars of spectral type ∼M2-3.
We have also presented an updated version of the spectroscopic SDSS WDMS binary catalogue, which contains 2316 objects from DR 8. This is currently the largest and most homogeneous sample of spectroscopically identified compact binaries. We identify only a relatively small number, 47, of new WDMS binaries within the DR8 spectroscopy. This is due to the bulk of DR 8 spectra being dominated by spectra of main sequence and giant stars. The sample of DR 8 WDMS binaries is clearly dominated by systems containing cool white dwarfs and therefore represents an important addition to the spectroscopic sample. Stellar parameters, magnitudes and secondary star radial velocities of the 47 new systems are obtained and made publicly avail- Wei et al. (2013) are not considered WDMS binaries due to morphological problems in their SDSS images and/or by visual inspection of the SDSS spectra. We provide here a revised classification for these systems.
